Background/Objectives Most interventions to foster child growth and development in India focus on improving food quality and quantity. We aimed to assess the pattern in food consumption and dietary diversity by socioeconomic status (SES) among Indian children. Subjects/Methods The most recent nationally representative, cross-sectional data from the National Family Health Survey (NFHS-4, 2015-16) was used for analysis of 73,852-74,038 children aged 6-23 months. Consumption of 21 food items, seven food groups, and adequately diversified dietary intake (ADDI) was collected through mother's 24-h dietary recall. Logistic regression models were conducted to assess the association between household wealth and maternal education with food consumption and ADDI, after controlling for covariates. Results Overall, the mean dietary diversity score was low (2.26; 95% CI:2.24-2.27) and the prevalence of ADDI was only 23%. Both household wealth and maternal education were significantly associated with ADDI (OR:1.28; 95% CI:1.18-1.38 and OR:1.75; 95% CI:1.63-1.90, respectively), but the SES gradient was not particularly strong. Furthermore, the associations between SES and consumption of individual food items and food groups were not consistent. Maternal education was more strongly associated with consumption of essential food items and all food groups, but household wealth was found to have significant influence on intake of dairy group only. Conclusions Interventions designed to improve food consumption and diversified dietary intake among Indian children need to be universal in their targeting given the overall high prevalence of inadequate dietary diversity and the relatively small differentials by SES.
Introduction
Food, like air and water, is a must for survival and the value of diversified diet for essential nutrients has long been recognized [1] . Adequately diversified diet, in terms of amount and composition, is critical for optimal growth, development, and long-term health outcomes in children [2] . Most previous research on child nutrition around the world focused on anthropometric failures rather than dietary diversity [1, [3] [4] [5] . While dietary diversity and anthropometric failures are inter-related, examining the distribution of dietary diversity and food deprivation across population groups is critical given that most interventions to improve child growth focus on food quality and quantity [6, 7] .
In India, despite all the advances in health and development [8] , the burden of child under nutrition and micronutrient deficiency remains high [9, 10] . Around 70% of the children suffer from inadequate dietary intake and 40% remain stunted [11] . While significant progress has been made in improving food production and sufficiency over the last 50 years [12] , most rural populations and communities continue to face uncertainty in food security. In aggregate, over onefifth of India's population still suffers from chronic hunger and India ranks 100th among 119 countries in the 2017 Global Hunger Index [13] . A number of organizations have advocated for dietary diversity strategies to tackle the burden of micronutrient malnutrition among children in India [14] . Apart from the existing schemes aimed at reduction in the levels of malnutrition among women and children, the Government of India has recently set up National Nutrition Mission or Poshan Abhiyaan [15] for improving the nutritional status of children, pregnant women, and lactating mothers. The mission aims to prevent and reduce prevalence of stunting among children (0-6 years) in the country by 6% and undernutrition (underweight) by 6% [16] . The Mission also emphasizes dietary diversification among the 15 key nutrition strategies and interventions [16] .
Several studies have shown that dietary diversity is positively associated with overall diet quality, micronutrient intake, and better nutritional status of young children and household food security [17] [18] [19] . Additionally, high socioeconomic status (SES), as measured by maternal education and employment, may be associated with healthier overall dietary patterns, dietary quality, and adequate dietary diversity in low-and middle-income countries [20] [21] [22] [23] . A recent study conducted in India with large-scale data suggested that both individual and contextual socioeconomic factors are associated with diversified dietary intake among children [24] . It is speculated that children in wealthier households grow better for a number of reasons, among which improved nutrient adequacy may be one important mechanism that household wealth and resources translate into better outcomes for children [21] . Wealthier households are expected to have the resources to purchase more food and thus have diverse diets compared to poor households. A higher parental educational level is associated with better employment opportunities and higher incomes, and may translate into higher purchasing power and better nutrition knowledge [21] .
In this study, we used the most recent nationally representative data in India to examine the socioeconomic patterning in consumption of specific food items, food groups, and adequacy in dietary diversity among 6-23 months old children.
Methods

Data
Data for this analysis were obtained from the recently conducted National Family Health Survey 2015-16 (NFHS-4), which is a cross-sectional, nationally representative survey that provides information on population, health, and nutrition for India and each state/union territory [11] . The NFHS-4, for the first time, provides district-level estimates for many health and nutrition indicators [11] . The details about stratified multistage random sampling procedure employed in the NFHS-4 are provided elsewhere [25] .
Study population and sample size
The NFHS-4 gathered data on all children born within 5 years from the survey year in each household selected to participate. We restricted the main analysis of our study to children aged 6-23 months given that the WHO/UNICEF Infant and Young Child Feeding (IYCF) guidelines were developed to capture mean nutrient adequacy in the context of complementary feeding for this specific age group [26] . A total of 74,132 children were eligible for the study. For complete case analysis, a minimum of 94 to a maximum of 158 children were excluded for missing specific food items. The final analytic sample ranged from 73,852 to 74,038 children depending on the outcome (Fig. 1 ).
Food consumption and dietary diversity
In the NFHS-4, mothers were asked to provide a 24-h recall of foods and food groups given to their children. The consumption data were collected on a total of 21 food items that the child had consumed the previous day: juice; tinned powdered/fresh milk; formula milk; fortified baby food; soup/clear broth; other liquids; chicken, duck, or other birds; bread, noodles, other grains; potatoes, cassava, tubers; eggs; pumpkin, carrots, squash; dark green leafy vegetables; mangoes, papayas, Vit A fruits; any other fruits; liver, heart, other organ meat; fish, shellfish; beans, peas, or lentils; cheese, yogurt, other milk products; other solid/ semi-solid food; any other meat; and yogurt.
These food items were grouped into seven food groups following the WHO IYCF guidelines [26, 27] : (1) "grains, roots, and tubers" (comprised of soup/clear broth OR bread, noodles, other grains OR fortified baby food OR potatoes, cassava, tubers); (2) "legumes and nuts" (comprised of beans, peas, or lentils); (3) "dairy products" (comprised of formula milk OR tinned powdered/fresh milk; OR cheese, yogurt, other milk products OR yogurt); (4) "flesh foods" (comprised of liver, heart, other organ meat OR fish, shellfish OR chicken, duck, or other birds); (5) "eggs" (comprised of eggs); (6) "vitamin A rich fruits and vegetables" (comprised of pumpkin, carrots, squash OR dark green leafy vegetables OR mangoes, papayas, Vit A fruits); and (7) "other fruits and vegetables" (comprised of any other fruits).
For each child, a dietary diversity score was constructed by collating information on food consumption, which resulted in an integer ranging from zero to seven (i.e., zero indicated that the child did not consume any of the 21 items and a value of seven indicated that the child was fed at least one food item from each of the seven food groups). A binary variable was constructed from the total dietary diversity score to indicate whether the child diet over the last 24 h was adequately diverse. Children were considered to have adequately diversified dietary intake (ADDI) if they had food items from at least four of the seven food groups, while a score of 3 or less was considered to be inadequate [26, 27] .
Main explanatory variables
The main explanatory variables related to SES included household wealth and maternal education. In the NFHS-4, household wealth was calculated from an index of standard household assets and indicators of housing quality through principal component analysis [11, 28, 29] . Each household was assigned a weight score, and the resulting asset scores were standardized according to a normal distribution of zero and a standard deviation of one, and then divided into quintiles based on rank [30] . Maternal education was specified as a categorical variable: no education (0 year of education), primary complete (1-5 years of education), secondary complete (6-8 years of education), high school and above (9+ years of education).
Other covariates
A range of additional covariates were also included as they may influence child dietary diversity and food consumption pattern. These variables included child's age (6-11 months, 12-23 months) and sex, birth order (1, 2, 3, 4+), religion (muslim, hindu, christian, or other/no religion), caste/tribe (scheduled caste, scheduled tribes, other backward class, general), and place of residence (rural, urban).
Statistical analyses
All analyses were conducted using STATA statistical software package Version 14 (College Station, Texas). Standard descriptive statistics were calculated for all variables, including means and standard deviations. Differences in categorical variables were tested using χ 2 tests. We assessed the possibility of multicollinearity between the covariates by examining a correlation matrix of covariates. All pairwise Pearson correlation coefficients were less than 0.5, suggesting that multicollinearity was not a major concern. Due to the non-proportional allocation of the sample to the different survey domains and to their urban and rural areas, we included NFHS-4 sampling weights for our analysis to ensure the actual representativeness of the survey results at the national level and as well as at the domain level [11] . Since NFHS-4 sample is a two-stage stratified cluster sample, sampling weights were calculated based on sampling probabilities separately for each sampling stage and for each cluster [11] .
A series of multivariable logistic regression models were used to estimate the odds ratios (ORs) of household wealth status and mother's education on consumption of specific food items, food groups, and ADDI. Model 1 showed the associations between household wealth and maternal education and each outcome after adjusting for child's age and sex only, and Model 2 additionally adjusted for child's birth order, caste, religion, and urban/rural residence. Three sensitivity analyses were performed. First, given that undernutrition persists in older children as well, we assessed the prevalence in consumption of food items and food groups among 43,593 children aged 24-59 months with dietary data. We also assessed the association between SES and ADDI in this age group, with adequate diversity defined as the top two quintiles of the dietary diversity score and inadequate diversity defined as the bottom three quintiles of the dietary diversity score. Second, interaction between household wealth and maternal education was tested in respect to the outcome of ADDI for children aged 6-23 months. Third, we assessed whether adjusting for states' fixed effects changed the findings from our main analysis.
Ethical considerations
The study was reviewed by Harvard T.H. Chan School of Public Health Institutional Review Board and was considered exempt from full review because the study was based on an anonymous public use data set with no identifiable information on the study participants. Table 1 shows the distribution of our sample by selected characteristics and consumption of specific food items, food groups, and diversified dietary intake. About half of the children in our sample were girls and 38% were first-order births. Almost half of the mothers had a secondary education while 27% had no education. Less than a quarter (24%) of the children belonged to the poorest wealth quintile households. A majority (79%) belonged to the Hindu religion, 44% belonged to other backward class, and 72% lived in a rural residence. Regarding the prevalence of consumption for each of the 21 food items among children aged 6-23 months, 63% of the children consumed bread, noodles, other grains, followed by tinned powdered/fresh milk (40%), dark green leafy vegetables (28%), any other fruits (24%), other liquids (21%), potatoes, casavas, tubers (21%), other solid/semi solid food (21%), pumpkin, carrots, squash (20%), juice (20%), mangoes, papayas, Vit A fruits (18%), soup/clear broth (16%), fortified baby food (16%), and beans, peas, and lentils (13%) in the previous 24 h (Table  1) . With regards to the seven food groups, the consumption was the highest for grain, roots, and tubers (74%), followed by dairy products (55%), other fruits and vegetables (37%), Vit A rich fruits and vegetables (29%), and the lowest for eggs (14%), legumes and nuts (13%), and flesh foods (10%) in the last 24 h. A significant difference (p < 0.0001) was found in the consumption of juice, fortified baby food, soup/clear broth, formula milk, fortified baby food, mangoes, papayas, Vit A fruits, any other fruits, cheese, yogurt, other milk products by household wealth status among children age 6-23 months ( Table 2) . For example, the consumption of juice (1-5 years of education), secondary complete (6-8 years of education), high school and above (9+ years of education) c Households are given scores based on the number and kinds of consumer goods they own, ranging from a television to a bicycle or car, and housing characteristics such as source of drinking water, toilet facilities, and flooring materials. These scores are derived using principal component analysis. National wealth quintiles are compiled by assigning the household score to each usual (de jure) household member, ranking each person in the household population by their score, and then dividing the distribution into five equal categories, each with 20% of the population d Others include Sikh, Buddhist, Jain, Jewish, Zoroastrian e Scheduled castes and scheduled tribes are identified by the Government of India as socially and economically backward and needing protection from social injustice and exploitation. Other backward class is a diverse collection of intermediate castes that were considered low in the traditional caste hierarchy but are clearly above scheduled castes. General are thus a default residual group that enjoys higher status in the caste hierarchy (10% vs 35%), fortified baby food (6% vs 26%), and yogurt (4% vs 16%) was roughly four times greater for the richest households compared to the poorest households. The percentage of children from the richest households that had consumed formula milk (6% vs 15%), soup/clear broth (11% vs 23%), cheese, yogurt, and other milk products (6% vs 13%) was twice than that in the poorest households. Food group-wise, the largest differential by household wealth was noticed in the consumption of dairy products (39% vs 72%) followed by Vit A rich fruits and vegetables (26% vs 33%) and other fruits and vegetables (34% vs 40%). The mean dietary diversity score ranged from 2.0 among the poorest households to 2.5 among the richest households. A total of 18% of the children from the poorest households had ADDI compared to 28% among the richest households.
Results
A substantial differential (p < 0.0001) was also found in the consumption of several food items by maternal education among children aged 6-23 months ( Table 2) . For example, almost four times differential was found in the consumption of fortified baby food (7% vs 29%); three times in the consumption of juice (11% vs 33%), formula milk (6% vs 17%), and yogurt (6% vs 17%); twice in soup/ clear broth (11% vs 23%), any other fruits (18% vs 32%), fish and shellfish (3% vs 6%), cheese, yogurt, and other milk products (7% vs 14%) between children of mothers with no education and those of mothers with high school or above education. Food group-wise, the largest differential by maternal education was found for the consumption of dairy products (44% vs 73%), followed by Vit A rich fruits and vegetables (25% vs 34%), and other fruits and vegetables (32% vs 43%). The mean dietary diversity score and ADDI ranged from 1.9 and 17% among children of mothers with no education to 2.6 and 30% among those whose mothers have completed high school education or above, respectively. Table 3 presents the ORs with 95% confidence intervals (CIs) of household wealth status on the consumption of 21 specific food items and seven food groups among children aged 6-23 months in two separate models. After adjusting for child's age and sex (Model 1), the odds of consuming fortified baby food, yogurt, juice, and dairy products were found to be four times or more when comparing children from the richest versus the poorest households. Children from the richest households also had higher odds of consuming tinned powdered/fresh milk, formula milk, cheese, yogurt, other milk products, and soup/clear broth. The ORs attenuated in the fully adjusted model (Model 2). Compared to children from the poorest households, those from the richest households were more likely to consume fortified baby food, juice, yogurt, tinned powdered/fresh milk, formula milk, cheese, yogurt other milk product, and mangoes, papayas, Vit A fruits, with ORs ranging from 1.09 to 1.48. Among the food groups, the consumption of dairy was three times higher among children from the richest as compared to children from the poorest households. Overall, children in the wealthiest households had higher odds of ADDI than children in the poorest households: OR: 1.81 (95% CI: 1.71, 1.92) in Model 1 and OR: 1.28 (95% CI: 1.18, 1.38) in Model 2 (Fig. 2a) . Table 4 shows the adjusted ORs with 95% CIs for maternal education on the consumption of 21 specific food items and seven food groups among children aged 6-23 months in two separate models. After adjusting for child's age and sex (Model 1), the odds of specific food consumption was found to be more than five times higher among children whose mothers had the highest education as compared to children whose mothers had no education for fortified baby food; three times higher for juice and formula milk; and two times higher for tinned powdered fresh milk, soup/clear broth, and cheese, yogurt, other milk products. The association between maternal education and consumption for the following food items remained significant after controlling for household wealth and other covariates in the final adjusted model (Model 2): fortified baby food, formula milk, juice, tinned powdered/fresh milk, beans, peas, lentils, soup/clear broth, cheese, yogurt, other milk products, other liquids, any other fruits, pumpkin, carrots, squash, and potatoes, cassava, tubers. Children of highly educated mothers had significantly higher odds of consuming all of the seven food groups (i.e., ORs ranged from 1.42 (95% CI: 1.32, 1.52) for Vit A rich fruits and vegetables to OR: 1.74 (95% CI: 1.62, 1.86) for dairy products). The odds of having ADDI was two times higher (OR: 2.03; 95% CI: 1.91, 2.16) among children of mothers with the highest education versus no education in Model 1 and attenuated slightly in the fully adjusted Model 2 (OR: 1.75; 95% CI: 1.63, 1.90) (Fig. 2b) .
The sensitivity analysis with 24-59 months old children suggested similar patterns of consumption in specific food items and food groups. The mean diversified dietary intake score was lower (1.83) for older children ( Supplementary  Table 1 ). Moreover, SES had a weaker association with ADDI among 24-59 months old children (Supplementary  Table 2 ). After adjusting for other covariates, children from the richest wealth quintile had 25% higher odds of ADDI compared to those from the poorest quintile (OR: 1.25; 95% CI: 1.04, 1.50) and children of mothers with the highest education had 47% higher odds of ADDI compared to the reference group of no maternal education (OR: 1.47; 95% CI: 1.28, 1.67). We found no significant interaction between household wealth and maternal education in respect to ADDI among children 6-23 months old (p = 0.175). Finally, accounting for states' fixed effect further attenuated the association between household wealth and ADDI (OR Table 3 Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for the association between household wealth and consumption of specific food items and specific food groups among children aged 6-23 months, India, NFHS-4, 2015-16 Table 3 ).
Discussion
In this study, we used the latest nationally representative cross-sectional data from India to assess food consumption pattern and ADDI among children aged 6-23 months. We found that SES, as measured by household wealth and maternal education, was associated with ADDI among children. While maternal education was more strongly associated with consumption of essential food items and all food groups, household wealth status was significantly associated with consumption of dairy group only. In general our findings are consistent with results from past [21, 23, 24, 31] and recent studies [32] conducted in LMICs and India, which found a positive relationship between measures of individual-level socioeconomic status and specific food item/food group consumption and diversified dietary intake.
More specifically, we found that consumption of food items, such as pumpkin, carrots, squash, dark green leafy vegetables, liver, heart, other organ meat, fish, shellfish, legumes and nuts, and flesh food, was significantly associated with maternal education but not with household wealth. Thus, maternal education may be more important than wealth in determining the intake of more variety of food items and food groups, although both measures of SES had similar influence on the overall ADDI. The consumption of food items that are relatively cheap in India (i.e., pumpkins, carrots, dark green leafy vegetables) can be further emphasized to improve diet diversity at the population level.
While dietary diversity score generally improved with higher maternal education and household wealth, the consumption of packaged food products also increased for the higher SES groups. For instance, the consumption of juice was higher for richer vs poorer households (35% vs 10%) and by maternal education (33% vs 11%). At the same time, there was not much difference in the consumption of healthy items (i.e., green leafy vegetables/pulses etc.) by the SES groups. Further investigation of the trend in consumption of packaged food and other nutritious fresh food options by SES may be informative. Fig. 2a and household wealth for Fig. 2b Table 4
Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for the association between mother's education and consumption of specific food items and specific food groups among children aged 6-23 months, India, NFHS-4, 2015-16 
Limitations of the study
There are several limitations to this study. First, the study sample may be subject to survival bias. Children who were not alive at the time of the survey were excluded from the sample. Such children may be more likely to represent the most disadvantaged population segments and have the poorest dietary diversity score given the relationship between socioeconomic disadvantage, dietary intake, and child health. Second, although 24-h maternal recall of dietary intake is the measurement technique recommended by the WHO to assess child dietary intake, the measurement relies on self-report and therefore may be subject to recall error [33] . Although such error may result in some misclassification, the reliance on a 24-h recall period is more accurate than other measurement techniques that rely on longer reference periods [34] . Third, causality cannot be assessed as this study used observational methods and cross-sectional data. Finally, the NFHS-4 included information on only a few unhealthy food items such as biscuits etc. and other fried packaged food items normally consumed by Indian children.
Conclusion
In this study we observed relatively shallow SES gradient in children's food consumption. While both household wealth and maternal education significantly improved the overall dietary diversity, the strength of the associations was considerably weaker when compared to the SES gradient observed for child anthropometric failures [5, 6] . Furthermore, the associations between SES and consumption of individual food items and food groups were less consistent. Higher maternal education was relatively more strongly associated with consumption of essential food items and all food groups, but household wealth was found to have significant influence on intake of dairy group only. The increase in the consumption of packaged food among higher SES groups was also alarming. This implies that caregiver's general education level alone is not sufficient to make healthy feeding choices for the children. Instead, exposure to accurate information related to diet and nutrients may be important given the current nutritional transition in India. Interventions designed to improve food consumption and diversified dietary intake among Indian children need to be more universal given the overall high prevalence of inadequate dietary diversity (77%) and relatively small differentials by SES.
